A cute kidney injury (AKI) is defined as functional injury or impairment relative to physiologic demand categorized into severity stages 1 to 3 associated with morbidity, mortality, and increased health care costs. 1, 2 Studies have shown that increasing AKI stage severity is associated with long-term mortality. 3, 4 Postoperative renal dysfunction and severity are associated with poor outcomes, including prolonged length of stay, 30-and 90-day mortality, and progression to end-stage renal disease within 1 year. 4, 5 The Kidney Disease Improving Global Outcomes task force identified preexisting renal insufficiency as the greatest risk for overall AKI and stressed early detection for potential prevention. 1 Although predictors associated with postoperative AKI following noncardiac surgery have been identified, 5-7 challenges remain to correctly and efficiently risk stratify patients. Preoperative renal insufficiency may be underreported because patients with diminished estimated glomerular filtration rates (eGFR) without reported chronic kidney disease diagnoses experience poor outcomes, including surgical readmission.
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Renal function is traditionally measured using eGFR during preoperative risk assessment. Kidney Disease Improving Global Outcomes suggests that new strategies are needed to better detect preoperative renal insufficiency to improve clinical outcomes, including the use of biomarkers to predict risk of AKI.
1 Microalbuminuria, also known as proteinuria or urine protein, is a marker for renal dysfunction that can be measured using a random spot urinalysis or urine dipstick test.
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Traditionally, studies have used preoperative proteinuria assessments to predict postoperative outcomes in cardiac, 11 urology, 12 and transplant surgery 13 given associations with cardiovascular disease and all-cause mortality. [14] [15] [16] However, there remains a paucity of studies investigating how preoperative proteinuria is associated with surgical outcomes apart from these subspecialties. We hypothesized that preoperative proteinuria is associated with the development of postoperative predischarge acute kidney injury and postdischarge 30-day unplanned readmission among patients with and without known renal dysfunction at the time of surgery.
Methods
This was a retrospective cohort study examining surgical outcomes among patients undergoing surgery performed at 119 Veterans Affairs facilities from October 1, 2007 , through September 30, 2014 . Data analysis was conducted from April 4 to December 1, 2016 . Patients were considered eligible if they underwent elective, nonemergent surgery at a Veterans Affairs facility during the study period as defined by the Veterans Affairs Surgical Quality Improvement Program. Patients having inpatient surgery (length of stay ≥2 days) with evidence of at least 1 preoperative urinalysis result and both a preoperative and postoperative serum creatinine level result to assess AKI were selected. To evaluate postdischarge outcomes and reduce biases, patients were excluded from the analysis if they had evidence of preoperative dialysis or sepsis. Patients who died during the hospitalization were also excluded to assess patients at risk for readmission after discharge. In addition, patients experiencing cardiac, transplantation, and urology procedures had already been studied and were excluded given implicit pathophysiologic or related procedures (ie, cardiopulmonary bypass, renal transplantation, complete or partial nephrectomy) that may confound renal outcomes. Patients undergoing ophthalmology procedures were also excluded owing to small sample size. This study was reviewed and approved by the Veterans Affairs Central Institutional Review Board with a waiver of informed consent.
Data Sources and Variables
Data sources include the Veterans Affairs Surgical Quality Improvement Program 17 and the Veterans Affairs Corporate Data Warehouse (CDW). Detailed surgical characteristics and outcomes for each surgical procedure were obtained from Veterans Affairs Surgical Quality Improvement Program. Additional demographic, pharmacy, laboratory, and postdischarge outcomes were obtained from administrative data from the Veterans Affairs electronic health care record stored within the CDW. The main exposure of interest for this study was preoperative proteinuria as assessed by urinalysis results contained within the CDW laboratory data. Proteinuria was categorized as negative (0 mg/dL), trace (15-29 mg/dL), 1+ (30-100 mg/dL), 2+ (101-300 mg/dL), 3+ (301-1000 mg/dL), and 4+ (>1000 mg/dL). Preoperative urine microalbumin data were not included. For the purposes of this study, 3+ and 4+ levels were combined into one 3+ category. Only the chronologically closest laboratory results for eGFR, serum creatinine, and urine protein levels within 6 months prior to the surgery date of interest were included. Normal preoperative renal function was classified as a preoperative eGFR greater than 60 mL/ min/1.73 m 2 . 1 Chronic kidney disease was defined by International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis codes (585.XX).
This cohort study assessed 2 main postoperative outcomes: postoperative predischarge AKI and 30-day postdischarge, unplanned readmission. Postoperative AKI was defined as a categorical variable according to the Kidney Disease Improving Global Outcomes work group, as any increase in postoperative serum creatinine of 0.3 mg/dL or more (to convert to micromoles per liter, multiply by 88.4) or a 50% increase from preoperative baseline serum creatinine level. were queried for all readmissions to further understand specific reasons for readmissions. Additional outcomes included having any 30-day emergency department (ED) visit and renal recovery. Postdischarge ED visits within 30 days, like inpatient readmissions, were obtained from the CDW. Complete renal recovery at the time of discharge was defined as a postoperative serum creatinine level returned to less than 20% above baseline serum creatinine level or discharge serum creatinine level less than 2.0 mg/dL; partial renal recovery was defined as having a persistent increase in serum creatinine level more than 20% above baseline value without requiring renal replacement therapy/ dialysis; no renal recovery was defined as a need for renal replacement therapy at the time of hospital discharge identified by ICD-9-CM diagnosis and procedure codes.
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Additional covariates gathered from the CDW included demographics (eg, race/ethnicity, sex, marital status), preoperative comorbidities, and operative characteristics collected by the Veterans Affairs Surgical Quality Improvement Program. All postoperative laboratory data were obtained for each patient and summarized as highest and lowest postoperative results during the hospitalization. Pharmacy data were obtained using CDW pharmacy domains. Preoperative medications were defined as active medications available the week prior to surgery according to outpatient medication documentation, with bowel preparation medications captured up to 45 days before surgery. Postoperative medications were limited to those given during inpatient administrations. Preoperative Veterans Affairs drug class coding identifiers were queried to account for any antibiotic, nonsteroidal anti-inflammatory drug, antihypertensive, diuretic, intravenous contrast, vasopressor, crystalloid or colloid, and total parenteral nutrition administered preadmission, preoperative inpatient, or postoperative until the time of discharge. Intraoperative medication administrations were not included in this study.
Statistical Analysis
Univariate and bivariate statistics were used to describe the overall population by the exposure, 5 levels of proteinuria, and each outcome of postoperative predischarge AKI and 30-day postdischarge readmission. χ 2 Tests examined associations among categorical variables with differences among continuous variables evaluated using 2-sided t tests. 
Patient Characteristics
Patient characteristics were typical of a VA surgical population: mostly elderly white men with independent functional status, American Society of Anesthesiology (ASA) class 3, and hypertension (eTable 1 in the Supplement). The most frequent surgical procedures were orthopedic (37.1%), general (28.8%), and vascular surgery (13.8%). Other specialty types included neurologic (8.1%), thoracic (6.6%), otolaryngology (2.3%), gynecology (1.4%), plastic (0.9%), podiatry (0.9%), and nonotolaryngologic oral surgery (0.2%). A total of 6920 (4.5%) surgeries were performed on 8592 patients with chronic kidney disease with a mean eGFR of 45.6 (19.5 mL/min/1.73 m 2 ). Of 1329 (19.2%) surgeries performed on patients with chronic kidney disease, preoperative proteinuria prevalence increased monotonically over the 5 categories, with 2.5% of the patients having no proteinuria and up to 24.8% having 3+ proteinuria (P < .001).
The presence and level of proteinuria varied by patient characteristics and medical conditions, with higher preoperative urine protein levels among those patients of black race, partially or totally dependent functional status, prior ED visits or inpatient admissions within 6 months prior to surgery, ASA class 4, having a contaminated or infected wound classification, and a variety of medical conditions associated with impaired renal function ( Table 1) . Preoperative proteinuria was also associated with expected eGFR trends and elevated systolic blood pressure, as well as serum creatinine and serum urea nitrogen levels postoperatively ( Table 2) . Perioperative medication administrations are described in eTable 2 in the Supplement.
Outcomes
Patients had a mean of 3.8 postoperative serum creatinine level readings during their postoperative stay (median, 3.0) and the mean time to peak postoperative creatinine level was 5.3 days (median, 2.0). Overall, 17 209 (11.2%) surgeries resulted in postoperative AKI prior to hospital discharge with the majority of patients (77.0%) having stage 1 injury ( Regarding postdischarge outcomes, 16 665 (10.8%) surgeries resulted in an unplanned readmission and 22 830 (14.8%) in ED visits within 30 days after discharge. Readmission rates increased as preoperative proteinuria levels increased: 3+ proteinuria was associated with the highest readmission rate (17.3%) compared with 9.3% among patients with no proteinuria (P < .001). Postdischarge ED visits increased with increasing levels of preoperative proteinuria: 14.1% among patients with no proteinuria to 18.5% in those with 3+ proteinuria (P < .001). Patients with increasing proteinuria were also more likely to have any postoperative complication (negative, 8.9%; trace, 11.3%; 1+, 12.9%; 2+, 14.9%; and 3+, 15.4%; P < .01). Furthermore, patients who experienced postoperative AKI were more likely to have any complication compared with patients without postoperative AKI (22.3% vs 8.7%; P < .01). Patients with more severe AKI stages were associated with having any complication (stage 1, 2528 [19.1%] 
Multivariate Models of Postoperative AKI and Readmission
Models were adjusted for perioperative characteristics summarized in Tables 1 and 2 and eTable 2 in the Supplement. Preoperative proteinuria level was associated with postoperative predischarge AKI; trace proteinuria (odds ratio [OR], 1.4; 95% CI, 1.4-1.5; P < .001) up to 3+ (OR, 4.0; 95% CI, 3.6-4.4; P < .001) compared with no proteinuria. After adjustment, proteinuria remained independently associated with postoperative AKI in a dosedependent fashion, with 3+ proteinuria having the highest association with AKI (OR, 2.0; 95% CI, 1.8-2.2; P < .001) ( Figure 1 ). Model performance in predicting AKI improved when proteinuria was included with an improvement in R 2 of 14.5% from 14.0% without proteinuria. Similarly, proteinuria was associated with 30-day unplanned readmission in both unadjusted and adjusted models in a dose-dependent association. Patients with 3+ proteinuria had the highest odds of readmission (OR, 1.3; 95% CI, 1.1-1.4; P < .001) ( Figure 1 ). Results were similar when patients missing a proteinuria assessment were included in the model with patients missing a proteinuria assessment having a slightly higher odds of both postoperative AKI (OR, 1.1; 95% CI, 1.1-1.1; P < .001) and readmission (OR, 1.0; 95% CI, 1.0-1.1; P = .001). After adjusting for preoperative proteinuria levels, odds of having any complication increased with AKI severity (stage 1: referent; stage 2: OR, 1.7; 95% CI, 1.6-1.9; stage 3: OR, 3.3; 95% CI, 3.0-3.6). When stratified by preoperative renal insufficiency, patients with an abnormal eGFR (<60 mL/min/1.73 m 2 )wereat increased odds of having AKI with or without proteinuria compared with patients with normal eGFR. Abnormal eGFR without proteinuria was independently associated with AKI (OR, 1.6; 95% CI, 1.5-1.7; P < .001). The presence of proteinuria with an abnormal eGFR increased the odds of AKI in a dose-dependent relationship, with 3+ proteinuria having a 2.2-fold increase in odds of AKI (OR, 2.2; 95% CI, 1.9-2.5; P < .001) (Figure 2 ). Among patients with a normal eGFR at the time of surgery (eGFR>60 mL/min/1.73 m 2 ), proteinuria was independently associated with increased odds of AKI in a dose-dependent association from trace (OR, 1.2; 95% CI, 1.1-1.3; P < .001) to 3+ proteinuria (OR, 1.7; 95% CI, 1.4-2.0; P < .001) (Figure 2 ).
Reasons for Readmission
Of 16 665 thirty-day postdischarge unplanned readmissions, common reasons for readmission overall were related to any wound (22.9%), mental health (22.2%), renal failure and electrolyte fluid disorder (22.1%), bleeding (19.7%), and gastrointestinal complication (14.8%) (eTable 3 in the Supplement). Preoperative proteinuria was associated with readmissions related to acute renal failure, anemia, cardiac arrhythmia, congestive heart failure exacerbation, peripheral vascular disease, urinary tract infection, and amputation-stump infection (P < .01).
Correlates of Preoperative Proteinuria
Many patient-level characteristics outlined in Tables 1 and 2 were associated with preoperative proteinuria. After adjustment, major correlates of having any preoperative proteinuria included diabetes (noninsulin dependent: OR 1.4; 95% CI, 1.35-1.44; insulin dependent: OR, 2.0; 95% CI, 1.9-2.0), black race (OR, 1.6; 95% CI, 1.56-1.65), chronic kidney disease (OR, 2.2; 95% CI, 2.1-2.3), nonindependent functional status (partially dependent: OR, 1.64; 95% CI, 1.57-1.71, totally dependent: OR 2.5; 95% CI, 2.22-2.72), and higher ASA class burden (class 3: OR, 1.4; 95% CI, 1.3-1.7; class 4: OR, 1.7; 95% CI, 1.5-2.0; class 5: OR, 4.8; 95% CI, 2.4-9.9) (eTable 4intheSupplement).
Discussion
Our national study of a large veteran cohort found a dosedependent association of preoperative proteinuria with adverse surgical outcomes, including postoperative predischarge AKI and 30-day postdischarge unplanned readmission. This association was present in patients with or without preoperative renal dysfunction. Proteinuria was associated with many patient characteristics; however, diabetes, black race, chronic
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Association Between Preoperative Proteinuria and Postoperative Acute Kidney Injury and Readmission kidney disease, dependent functional status, and higher ASA comorbidity burden were the most strongly correlated. Patients with preoperative proteinuria who were readmitted were more likely to experience medical complications that caused the readmission. Those without preoperative proteinuria who were readmitted were more likely to be readmitted for complications directly attributable to the surgery. Preoperative proteinuria as a biomarker can identify patients at higher risk of postoperative AKI and readmission, independent of baseline renal function as measured by eGFR. Consistent with our study, preoperative renal insufficiency has been shown to be associated with adverse postoperative outcomes, including AKI and readmission. ) was associated with 30-day AKI and shortand long-term mortality. Preoperative renal insufficiency has been studied in a noncardiac, nontransplant surgery setting showing similar outcomes. Blitz and colleagues 8 evaluated 39 989 patients with a heterogeneous case mix showing that preoperative renal insufficiency, measured by chronic kidney disease eGFR classifications, was associated with not only AKI, but also unplanned surgical readmissions. Our study supports these findings, suggesting that preoperative proteinuria is a predictor of postoperative AKI in a dose-dependent fashion independent of preoperative renal dysfunction. Model performance predicting AKI improved when preoperative proteinuria was included. Patients with normal preoperative renal function identified as having proteinuria were more likely to experience AKI than were patients with normal renal function without proteinuria. Patients with diabetes, black race, chronic kidney disease, dependent functional status, and higher comorbidity burden should be screened for proteinuria with a urine dipstick urinalysis. However, with proteinuria having an estimated prevalence between 8% and 33% in the general population, 22-24 preoperative urinalysis assessments for proteinuria may be beneficial among all surgical patients. Assessing preoperative urine dipstick analysis for proteinuria (96% sensitivity, 87% specificity 10 ) regardless of baseline creatinine level or eGFR, may be a useful strategy for assessing the risk of postoperative AKI because proteinuria can manifest before changes in eGFR and serum creatinine level.
Because proteinuria is associated with renal dysfunction and cardiovascular disease, commonly mediated by hypertension and diabetes, it is not surprising that preoperative proteinuria was associated with readmissions related to reasons such as acute renal failure, anemia, cardiac arrhythmia, congestive heart failure exacerbation, peripheral vascular disease, and infection (eg, urinary tract infection). Understanding patients' preoperative proteinuria status may prompt additional resource allocation and coordination at the time of discharge to mitigate readmissions for these specific reasons.
Renal literature indicates that most patients with less severe AKI experience full or complete recovery as seen in this study; however, AKI may not be transient, as studies have shown that AKI and its severity remain a predictor associated with progression to chronic kidney disease. 19, [25] [26] [27] We hypothesize that the paradox between preoperative proteinuria and AKI severity may be attributed to clinicians' recognition of risk, avoidance of nephrotoxic medications, and aggressive intervention. Patients with normal preoperative renal function having as little as trace proteinuria developed postoperative AKI with partial to no renal recovery at the time of hospital discharge. These patients were also more likely to experience readmission than were patients without proteinuria. Although our study does not include long-term follow-up, patients with preoperative proteinuria may also be at risk of developing chronic kidney disease within 1 year of discharge according to a 2017 study by James et al. 28 In that study, the investigators used the Alberta Kidney Disease Network database of 14958 patients to understand predictors associated with chronic kidney disease among patients who experienced inpatient AKI. Patients who developed AKI having a baseline/prehospitalization eGFR greater than 45 mL/min/1.73 m 2 with at least 2 outpatient serum creatinine measurements separated by at least 3 months between 30 days and 1 year after discharge were included. They found that renal recovery and preoperative proteinuria are predictors associated with developing chronic kidney disease within 1 year following discharge. Patients with increasing prehospitalization proteinuria, advanced age, higher stages of acute kidney injury, higher baseline/prehospitalization serum creatinine levels, and higher serum creatinine levels at discharge were significantly associated with developing chronic kidney disease in a dose-dependent fashion. Identification and early intervention in patients at risk for AKI through preoperative urinalysis assessments may not only improve clinical outcomes, but also result in lower health care costs through fewer diagnostics tests, reduced lengths of stay, and potential mitigation of the risk of chronic kidney disease. Currently in the United States, patients undergoing elective surgery frequently receive preoperative evaluation with routine laboratory work consisting of a basic metabolic profile, a complete blood cell a All differences were significant at P < .001, determined with a χ 2 test for categorical variables and a t test for continuous variables.
Association Between Preoperative Proteinuria and Postoperative Acute Kidney Injury and Readmission count, and coagulation assessment. Serum creatinine levels and eGFRs are provided within basic metabolic profiles in accordance with patient characteristics and normal reference ranges unique to calibration characteristics of the laboratory performing the analysis. Urine testing with a urinalysis is not the current standard of care and is selected on a clinician basis. Further investigations are warranted, including detailed cost-effectiveness analyses for preoperative urinalysis assessment.
Limitations
Our study found an association of preoperative proteinuria with adverse perioperative outcomes; however, it is not without limitations. The observational, retrospective design limits our ability to assign causation. Furthermore, the results of this study may be attributable to additional unmeasured residual confounders, despite rigorous controlling for available clinically and statistically significant confounders. Information was not available to understand granular detail surrounding the treatment for patients based on preoperative proteinuria or AKI severity. Modernized perioperative pathways, such as enhanced recovery after surgery, were not described within the Veterans Health Administration database used for this study and we assumed that patients were treated under traditional care pathways. Preoperative urine assessments are not routinely checked on all surgical patients, thereby contributing to selection bias of patients who had a urinalysis performed in the 6 months preceding surgery. Some preoperative proteinuria may reflect a transient process from conditions such as symptomatic congestive heart failure, dehydration, exercise, fever, or emotional stress not causing damage to the glomerular apparatus within the kidney. 10 Furthermore, serum creatinine levels may vary by as much as 10% when assessed on a daily basis. 1 Patients were included only if they survived until hospital discharge and therefore at risk for postdischarge readmission. Our study was unable to assess any associations between preoperative proteinuria and inpatient mortality. This study included a surgery demographic unique to a VA population and Abbreviations: AKI, acute kidney injury; ED, emergency department.
a All differences were significant at P < .001, determined with a χ 2 test for categorical variables and a t test for continuous variables.
b Some data missing.
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the results may not be generalizable to patient characteristics or specialties not represented.
Conclusions
Preoperative proteinuria was independently associated with postoperative AKI and 30-day postdischarge, unplanned readmission among patients with or without preoperative renal dysfunction. Preoperative proteinuria is a marker for perioperative AKI risk and readmission in this population. Identification and early intervention with patients at risk for AKI (eg, patients with diabetes, chronic kidney disease) through preoperative urinalysis assessments may improve patient outcomes by alerting care teams of excess risk despite normal eGFR. Future prospective studies are warranted to further understand how preoperative proteinuria affects perioperative outcomes. Role of the Funder/Sponsor: The funding organizations had no role in the design and conduct of the study; collection, management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit the manuscript for publication.
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